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Description 

Technical Field of the Invention 

s [0001] The present invention relates to a mold powder for continuous casting of thin slabs having a slab thickness of 
150 mm or less. 

Related Art 

io [0002] Mold powders for continuous casting of steel generally have Portland cement, synthetic calcium silicate, wol- 
lastonite, phosphorus-containing slag, etc., as their principal raw materials, and where required, silica materials may be 
added, soda ash, fluorite, fluorine compounds, and alkali metal and alkaline earth metal compounds may be added as 
fusion regulating agents, and carbon powder may be added as a melting speed regulating agent. 
[0003] Mold powder is added at the surface of the molten steel inside the mold, and performs various functions as it 

15 is consumed. Major functions of mold powder include: (1) lubricating the mold and the solidified shell; (2) dissolving and 
absorbing inclusions; (3) insulation of the molten steel; and (4) controlling the speed of heat transfer. For (1) and (2), it 
is important to regulate the softening point and viscosity of the mold powder, and it is necessary to adjust the chemical 
composition of the mold powder accordingly. For (3), powder properties such as melting temperature, bulk specific 
density, and powder spreading, which can be regulated mainly by carbon powder, are considered to be important. For 

20 (4), it is important to regulate the crystallization temperature, etc., and it is necessary to adjust the chemical composition 
accordingly. 

[0004] Worldwide technical progress in continuous casting of steel has been remarkable, and development continues. 
Moreover, Hot Charge Rolling (HC) and Hot Direct Rolling (HD) ratios have been improved and high-speed casting has 
been actively adopted to conserve energy, demands on mold powders have become stricter, and mold powders have 
25 become more diverse. 

[0005] Thin-slab continuous casting has been developed from conventional continuous slab casting and applied with 
the objective of lower cost production with less heat transfer. There are still few such casters operating in Japan, but 
there are many operating widely mainly in the United States, but Europe, etc., as well, numbering several tens of units, 
and large numbers are being constructed in a large number of other countries. 

30 [0006] There are several types of production processes in thin-slab continuous casting, including: (1) compact-strip- 
production (CSP) by SMS Schloemann-Siemag; (2) in-line-strip-production (ISP) by Mannesmann Demag; (3) Tippins 
Samsung process (TSP) by Tippins-Samsung; (4) flexible thin-slab rolling by Danieli; (5) continuous thin slab and rolling 
technique by Voest-Alpine Industrieanlagenbau (VAI); and (6) medium slabs (called medium but belonging to thin slabs 
from 100 mm) by Sumitomo Heavy Industries. 

35 [0007] The main characteristic of the thin-slab continuous casting processes is that cast strips are directly hot rolled 
immediately, and even coiled. Consequently, finished and semi-finished products can be obtained in a matter of minutes 
from casting to coiling. In the case of conventional continuous casting of a generic slab, the process involves transferring 
the cast slab strip to a heating furnace and hot rolling it through a roughing-down mill, but in the case of thin-slab 
continuous casting, the process has a direct connection to the heating furnace and immediate rolling without roughing 

40 down in order to minimize the load on the rolling process. For that reason, thin-slab continuous casting is very-high- 
speed casting in which the casting speed is 3 or more meters per minute and the mold thickness is reduced. 
[0008] Conventionally, Portland cement, phosphorus-containing slag, synthetic slag, wollastonite, dicalcium silicate, 
etc., are used as the principal raw materials for mold powders used in thin-slab continuous casting, carbonates such as 
Na 2 C0 3 , Li 2 C0 3 , MgC0 3 , CaC0 3 , SrC0 3 , MnCOg, and BaC0 3 , as well as NaF, Na 3 AIF 6 , fluorite, MgF 2 , LiF, borax, 

45 and spodumene, are used as fusion regulating agents, and carbonaceous raw materials are generally added as melting 
speed regulating agents. 

[0009] On the other hand, mold powders employing synthetic calcium silicate as their principal raw material (semi- 
premelted types), and completely molten mold powders (premelted types) in which mold powder without carbon powder 
is first fused and pulverized to a suitable grain size, and then carbon powder is added, are also used as in the case of 

so conventional generic slab casters. 

[0010] JP 020 25 254 A discloses a molten metal surface protecting material for slab casting which contains CaO, 
Si0 2 and Al 2 0 3 as essential components, the weight ratio of CaO to Si0 2 being in the range of 0.5 to 1.6, and which 
contains about one kind of oxide, carbide and fluoride of alkali metals, alkaline earth metals and other metals, and 
additionally a carbon component as a melting rate adjusting agent. The mold powder has a surface tension of about 

55 2 9 0 dyne/cm and a break point of <1 000 °C and a viscosity r\ (poise) at 1300 °C satisfying the relation with the casting 
speed V (m/min) of 6.0 < T|-V. An exothermic-type mold additive for continuous casting is described in EP 0 513 357 
A1 . This mold additive comprises 20 to 90 wt. % of basic raw materials, 0 to 1 0 wt. % siliceous raw materials containing 
more than 50 wt. % Si0 2 , 0 to 20 wt. % flux raw materials, 2 to 30 wt. % of more than one kind of components selected 
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from a group comprising carbonates, bicarbonates and nitrates of alkaline metals as exothermic materials, and 3 to 30 
wt. % of more than one kind of components selected from a group comprising carbon, silicon and silicon alloys as 
reducing materials. 

[0011] JP-A-7204810 describes a mold lubricant that has a CaO/Si0 2 ratio of 0.8 to 1.3 and that contains 2 to 20 wt- 
s % of Al 2 0 3 ; < 4 wt.-% of Na 2 0; < 4 wt.-% of Li 2 0, wherein (Li 2 0 + Na 2 0) is < 4 wt.%; < 5 wt-% of Aluminium fluoride 
containing F - ; and 0.2 to 6.0 wt.-% of carbon powder as a melting rate regulator. A continuous casting method is 
characterized in that the mold lubricant, which has a physical property of a crystallization rate of < 1 0 % after cooling 
the mold lubricant having been melted at 1 400'C and a coagulation temperature of > 1 070°C, is used and the relation 
between CaO/Si0 2 (B), Viscosity (t|) at 1300*C and the casting rate V is specified. 
io [0012] Japanese Patent Laid-Open No. HEI 2-165853 discloses a high-speed continuous casting method for steel 
characterized in that its main components are CaO, Si0 2 , and Al 2 0 3 , the ratio of CaO to Si0 2 (by weight percentage) 
is within a range of 0.5 to 0.95, it contains one or two or more species of oxides, carbonates, or fluorides of alkali metals, 
alkaline earth metals, or other metals, also contains carbon powder as a melting speed regulating agent, uses a mold 
powder whose surface tension at 1250"C is 290 dyne/cm or more, whose solidifying temperature is 1000°C or less, and 
is in which a relationship between the viscosity t| (poise) at 1300°C and the casting speed V (m/min) satisfies a range 
represented by the expression: 



3.5 ^ 77V ^ 6.0, 

and the caster operates at a casting speed Va 1.2 m/min for a cast strip having a width of 600 mm or more. However, 
according to the preferred embodiments of the laid-open patent application in question, the casting speed is approximately 
1 .2 to 2.0 m/min ,and it is clear this is not intended to be a very-high-speed continuous casting method with a casting 
speed of 3.0 m/min or more. Moreover, since the viscosity of conventional mold powders is too low for very-high-speed 
casting in which the casting speed is 3.0 m/min or more, heat transfer from the molten steel and the flow of fused powder 
between the solidified shell and the mold is not uniform, preventing achievement of stable quality and also preventing 
the achievement of stable operations. Therefore, the casting method described in the laid-open patent application in 
question and the very-high-speed continuous casting method of the present invention in which the casting speed would 
be 3.0 m/min or more are completely different casting methods. 

[0013] At present, ordinary carbon steels such as ultra-low-carbon steels (carbon content: 100 ppm or less), low- 
carbon steels (carbon content: 0.02 to 0.07 wt%), medium-carbon steels (carbon content: 0.08 to 0.18 wt%), or high- 
carbon steels (carbon content: 0.1 8 wt% or more), and special steels such as stainless steel are being cast by thin-slab 
continuous casting. The characteristics of thin-slab continuous casting are that it is very-high-speed casting having a 
casting speed of approximately 3 to 8 m/min, and the mold thickness is reduced, as explained above. In addition, the 
molds in the casters of SMS, etc., have a special shape. That is because a submerged entry nozzle cannot be inserted 
since the mold thickness is very thin. For that reason, a portion called a "funnel" into which the submerged entry nozzle 
is inserted is widened and consequently the mold width is not straight but expands in the middle. For that reason, heat 
stress arises in the expanded funnel portion of the mold, and in addition, heat transfer is not uniform. Consequently, in 
the case of thin-slab continuous casting, a major problem has been that heat transfer is not uniform due to very-high- 
speed casting and surface crack occurs even in steel types such as ultra-low-carbon steel, low-carbon steel, or high- 
carbon steel in which the occurrence of surface crack is uncommon in conventional continuous slab casting. In the case 
of thin-slab continuous casting methods by other companies as well, heat transfer is not uniform due to very-high-speed 
casting and surface crack has similarly been a problem. 

[0014] Furthermore, because it is very-high-speed casting, the molten surface level within the mold is unstable and 
varies greatly, and for that reason a problem has been that the powder slag gets into the molten steel at the meniscus, 
causing extreme deterioration in steel sheet quality. 

[0015] In conventional continuous slab casting, methods which create a uniform solid shell by reducing heat transfer 
within the mold are effective in solving the surface crack mentioned above, and this is done by increasing the weight 
ratio of CaO to Si0 2 in the mold powder to raise its crystallization temperature. However, in very-high-speed casting 
exceeding 3 m/min, since raising the weight ratio of CaO to Si0 2 tends to increase friction between the mold and the 
solidified shell and lubrication by the mold powder deteriorates markedly, breakouts are more likely to occur instead, 
and so this measure cannot solve the above problem. 

[0016] In other words, in thin-slab continuous casting, a mold powder has not yet been provided which reduces the 
likelihood of powder slag being entrapped in the mold without giving rise to surface crack, or which enables stable casting. 
[0017] On the other hand, medium-carbon steels having a carbon content in a peritectic range of 0.1 0 to 0.16 weight 
percent could not be cast due to excessive heat transfer, ununiform flow of slag, etc., or initial solidification factors 
resulting from very-high-speed casting. Therefore, thin-slab continuous casting of medium-carbon steels having a carbon 
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content in the peritectic range cannot be cast at present. 

[0018] Consequently, an object of the present invention is to provide a mold powder which enables stable casting by 
reducing the likelihood of powder slag being entrapped in the mold without giving rise to surface crack when casting 
with a thin-slab continuous caster. 

5 

Disclosure of the Invention 

[0019] As a result of a series of various investigations aimed at solving the above problems, the present inventors 
have discovered a mold powder capable of overcoming all of the above defects. 
io [0020] More specifically, the present invention relates to a mold powder as defined in the claims. 

Preferred Embodiments of the Invention 

[0021] As a result of a series of various investigations and research aimed at solving the above problems, the present 
inventors obtained the information given below. 

[0022] As mentioned above, one problem has been that excessive heat transfer, non-uniformity, etc., occur as a result 
of very-high-speed casting, giving rise to surface crack defects and entrapment of the powder slag into the molten steel 
due to fluctuation of the molten surface level. With regard to the prevention of surface crack of the cast strip, this also 
cannot be solved by concentrating on the crystallization of the mold powder alone, which leads to the occurrence of 

20 breakouts, as explained above. However, it was found that this could be solved by adopting the following measures: 
[0023] Heat transfer can be controlled by an air gap formed between the slag film and the mold. Consequently, it was 
found that by actively forming such an air gap, heat transfer can be reduced and mild cooling achieved, whereby the 
solidified shell forms uniformly and surface crack does not occur. To actively generate the air gap, the thickness of the 
slag film must be controlled, and it is consequently important to control the viscosity and consumption of the mold powder. 

25 In conventional high-speed casting of ordinary slabs, lubrication was considered to be important from the viewpoint of 
preventing breakouts, but in very-high-speed casting, the air gap is formed because the thickness of the slag film is 
reduced due to the high-viscosity of the mold powder, and the slag film on the solidified shell side adheres to the solidified 
shell and falls away. Consequently, heat transfer is controlled by setting the viscosity to a high level, and heat transfer 
is made uniform because the slag film is thin and therefore uniform. Furthermore, in the case of medium-carbon steel, 

30 heat transfer within the mold can be controlled together with the abovementioned air gap by controlling the crystallization 
temperature. 

[0024] In addition, from the above viewpoint, if high viscosity is aimed for, the molten powder is less likely to be 
entrapped into the molten steel within the mold, making it more advantageous. Furthermore, it was found that friction 
between the mold and the solidified shell during very-high-speed casting is alleviated by the air gap formed between 

35 the slag film and the mold, providing further advantages against breakouts and surface crack. 

[0025] Raising the viscosity of the mold powder in high-speed casting conditions used to lead to problems such as 
breakouts due to reduced consumption thereof. However, in very-high-speed casting at 3m or more per minute, it was 
found that any reduction in consumption due to high viscosity alone was small. Falling away of the slag film is considered 
to be influenced by the speed of movement of the solidified shell, in other words, by the casting speed. Consequently, 

40 it was confirmed that stable casti ng operation is achieved even if the viscosity is increased to the degree mentioned above. 
[0026] Next, the mold powder according to the present invention will be explained in detail. 

[0027] The weight ratio of CaO to Si0 2 in the mold powder according to the present invention is in a range of 0.5 to 
1 .20. It is not desirable for the weight ratio of CaO to Si0 2 to exceed 1 .20 since the crystallization temperature exceeds 
1 200°C and becomes too high, increasing the crystal phase, thereby increasing friction between the solidified shell and 

45 the powder slag film and giving rise to breakouts, or giving rise to lateral cracking which lowers the quality of the steel. 
Furthermore, it is not desirable for the weight ratio of CaO to Si0 2 to be less than 0.5 because crystallization trends are 
significantly weakened due to reduction of the crystallization temperature of the mold powder, making the thickness of 
the slag film nonuniform, and also making heat transfer nonuniform. Moreover, in the mold powder for medium-carbon 
steel, the weight ratio of CaO to Si0 2 is in a range of 0.70 to 1 .20. Here, as a mold powder for medium-carbon steel, it 

so is not desirable for the weight ratio of CaO to Si0 2 to be less than 0.70 because the crystallization temperature falls 
below 1050°C, making the crystallized layer of the slag film thin and giving rise to surface crack in the cast strip because 
heat transfer occurs too quickly. 

[0028] Carbon powder is proportioned at 0.5 to 5.0 percent by weight as a melting speed adjusting agent. It is not 
desirable from the standpoint of operations or quality for the proportion of carbon to be less than 0.5 percent by weight, 
55 because the slag formation reactions accelerate, and the thickness of the slag layer becomes too great, giving rise to 
slagbear patches. Furthermore, it is not desirable for the proportion of carbon to exceed 5 percent by weight, because 
the melting speed becomes too slow instead. Moreover, it is more preferable for the proportion of carbon to be within a 
range of 0.5 to 4.5 percent by weight. 
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[0029] It was found that Li 2 0 is an indispensable component for absorbing inclusions. That is to say, in very-high- 
speed casting such as thin-slab continuous casting, unless the meniscus flow speed is fast, inclusions are entrapped 
into the molten steel again. For that reason, it is important to increase the speed of inclusion absorption and the action 
of Li 2 0 is effective at this. The content of Li 2 0 is within a range of 1 to 7 percent by weight. It is not desirable for the 

s Li 2 0 content to be less than 1 percent by weight, because the effects at such proportions are too weak, and it is not 
desirable for the content to exceed 7 percent by weight because crystallization trends are weakened instead. 
[0030] Fluorine content is extremely important in controlling crystallization of the mold powder, but it is not desirable 
for a large amount to be used, because the crystallization temperature becomes too high, and the crystallization tem- 
perature described below exceeds 1200°C. In addition, when the F content is greater than 8.0 percent by weight, erosion 

io of the submerged entry nozzle becomes too great and corrosion of the continuous caster machine becomes greater, 
thereby also increasing poisoning. Consequently, the F content is from 0.5 to 8.0 percent by weight. Furthermore, it is 
not desirable for the F content to be less than 0.5 percent by weight because crystallization trends are weakened and 
surface tension increases markedly, and it is even more preferable for the F content to be within a range of 1 .0 to 6.5 
percent by weight. 

[0031] The crystallization temperature of the mold powder is extremely useful in controlling heat transfer within the 
mold. However, as mentioned above, it is not desirable for a high crystallization temperature in excess of 1200°C to be 
set, because friction between the solidified shell and the slag film increases and the frequency of surface crack and 
breakouts increases significantly. Furthermore, this is also not desirable from the aspects of deterioration in the quality 
of the cast strip or of stable operation because slagbear occur more easily due to the influence of variations in the molten 

20 surface during casting, and thus the crystallization temperature is from 1000 to 1200°C. On the other hand, it is not 
desirable for the crystallization temperature to be less than 1000'C because adhesion between the slag film and the 
cast strand becomes strong, leading to defects in the cast strip if the slag film is pressed in by the rollers. 
[0032] Furthermore, for a mold powder for medium-carbon steel, it is preferable for the crystallization temperature to 
be within a range of 1 050 to 1 200°C, and even more preferably 1 050 to 1 150°C. Here, it is not desirable for the crystal- 

25 lization temperature to be less than 1050°C because the previously mentioned air gap formed between the slag film and 
the mold due to increased viscosity is reduced in size, giving rise to cracking of the cast strip. Nor is it desirable for the 
crystallization temperature to exceed 1200 °C because friction increases and there is a risk that cracking or breakouts 
will occur. 

[0033] The surface tension of the mold powder is extremely important in preventing the powder entrapment in the 

30 steel. In thin-slab continuous casting in particular, being very-high-speed casting in excess of 3.0 m/min, the stream 
speed of the molten steel at the meniscus in the mold is fast, and for that reason the formation of powdery inclusions in 
the molten steel due to powder slag being scraped away by the flow of molten steel is significant and causes a large 
defect in coil quality. Because eddy currents are generated in the vicinity of the submerged entry nozzle by this meniscus 
molten steel, coil quality similarly deteriorates due to the mixing in of powder slag. Consequently, the reduction of powder 

35 inclusions is important in improving coil quality. It was found that defects due to powder inclusions are significantly 
reduced if the surface tension is set to 250 dyne/cm or more. Consequently, it is important to adjust the surface tension 
of the mold powder and to maintain it at 250 dyne/cm or more at a temperature of 1300°C. However, it is preferable for 
the surface tension to be within a range of 250 to 500 dyne/cm because the temperature of the thermocouple for the 
breakout detection becomes irregular if the surface tension exceeds 500 dyne/cm, giving rise to situations in which the 

40 breakout warning alarm malfunctions. 

[0034] The viscosity of the mold powder is important from the aspects of operations and quality. As mentioned above, 
one problem has been that cracking of the cast strip occurs in thin-slab continuous casting methods even with steel 
types in which cracking does not occur in conventional continuous slab casting methods. Conventional mold powders 
have tended to achieve low heat transfer within the mold by setting a high crystallization temperature, which instead not 

45 only caused deterioration in the quality of the cast strip but was also disadvantageous from the operations standpoint 
because of the occurrence of breakouts and the like. It was found that low heat transfer within the mold can be achieved, 
without affecting stable operations, by forming an air gap between the slag film and the mold. For this purpose, it is 
important to control slag film thickness, which can be achieved by adjusting viscosity. 

[0035] In the case of conventional thin-slab continuous casting, the mold powders used give priority to stable operations, 
so ensure consumption thereof, or give priority to lubrication. However, in the mold powder according to the present invention, 
viscosity is significantly higher than conventional products in order to control heat transfer by controlling the slab film 
thickness as explained above. The viscosity of the mold powder according to the present invention at 1 300°C is within 
a range of 1 .5 to 20 poise, preferably 2 to 20 poise, and even more preferably 2.5 to 20 poise. To control heat transfer 
within the mold, it is important to incorporate the relationship between casting speed and viscosity into the design. As 
55 a result of a series of various investigations, the present inventors have discovered that it is important to ensure that 
viscosity satisfies a relationship 
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6.0 ^ 77V ^ 100.0 

s in order to establish both quality of the cast strip and stable operations in thin-slab continuous casting. Here, r\ is the 
viscosity in poise of the mold powder at 1300°C. V indicates the casting speed in meters per minute (m/min). 
[0036] It is not desirable for this upper limit to be exceeded because friction increases between the solidified shell and 
the mold giving rise to cracking of the cast strip and breakouts instead. On the other hand, it is not desirable to fall below 
the lower limit because ununiform flow increases. Consequently, it is important to satisfy the above expression. 

io [0037] For a mold powder for a medium-carbon steel according to the present invention, it is important to ensure that 
viscosity satisfies a relationship 



6.0 ^ 77V ^ 85.0 

15 

in order to establish both quality of the cast strip and stable operations in thin-slab continuous casting. 

[0038] Metal can be added to the mold powder according to the present invention to make it into a exothermic mold 

powder. In that case, it is preferable to use less than 6 percent by weight because when more than 6 percent by weight 

20 is added, slag formation time is delayed significantly. 

[0039] The mold powder used can be made into granules having 90 percent by weight or more of grains having a 
diameter of less than 1 .5 mm. It is not desirable for the content of grains with a diameter of less than 1 .5 mm to be less 
than 90 percent by weight because the heat insulation characteristics of the mold powder decrease significantly and 
deckel and slagbear patches form. 

25 [0040] The above-mentioned granulated products can be granulated by any common granulation method such as 
extrusion granulation, agitation granulation, flow granulation, roll granulation, spray granulation, etc. In addition, a wide 
range of binders can be used, from organic types such as common starch to inorganic types such as water glass. 
[0041] The mold powder for thin-slab continuous casting of steel according to the present invention will now be 
explained further using Examples. 

30 

Example 1 

[0042] Table 1 below shows mixing ratios, chemical composition, and physical property values for inventive products 
and comparative products. Forthese inventive products and comparative products, five to twenty charges each of ultra- 
35 low-carbon steels (ULC; carbon content: 30 to 60 ppm), low-carbon steels (LC; carbon content: 0.04 to 0.06 wt%), 
medium-carbon steels (MC; carbon content: 0.18 wt%), and high-carbon steels (HC; carbon content: 0.25 to 1 wt%) 
were used, and the results are given in Table 2. Thin-slab continuous casting was performed at 3.0 to 8.0 m/min and 
assessed. 
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[0043] In Table 1, synthetic calcium silicate with a CaO/Si0 2 weight ratio equal to 1.10 was used as the main raw 
material for Inventive Products 1, 2, 3, 4, 6, 7, 9, 10, and 12 to 15 and Comparative Product 1, and synthetic calcium 
silicate with a CaO/Si0 2 weight ratio equal to 1.35 was used for the rest. Furthermore, glass powder, diatomaceous 
earth, and spodumene were used as the Si0 2 materials in the mold powder in all cases in Table 1 . In addition, Na 2 C0 3 , 

s Li 2 C0 3 , MnC0 3 , SrC0 3 , NaF, Na 3 AIF 6 , CaF 2 , Al 2 0 3 , MgO, LiF, Ti0 2 , Zr0 2 , and B 2 0 3 used as flux materials were 
adjusted and proportioned to make the chemical compositions given in Table 1 and mixed using a mixer. Moreover, 
carbon black and coke powder were used for the carbon source in all of the mold powders, being added to make the 
chemical compositions given in Table 1 . Furthermore, 2.8 percent by weight of metal Si was added to Inventive Product 
9 and 4.4 percent by weight of metal Ca-Si alloy was added to Inventive Product 1 0, and mixed similarly. In addition, 

io Inventive Product 7 was a granulated product in which 20 to 30 percent by weight of a solvent composed of 90 percent 
by weight of water and 1 0 percent by weight of sodium silicate was added to the mixture to form a slurry which was 
spray granulated and dried. In Inventive Product 8, 10 to 16 percent by weight of a solvent composed of 95 percent by 
weight of water and 5 percent by weight of starch paste was added to the mixture agitation granulated and dried. 
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[0044] In the results shown in Table 2, for breakouts O indicates no occurrence, A indicates only one occurrence, and 
x indicates two or more occurrences. For powder inclusions, O indicates that the proportion defective was 0%, A 
so indicates up to 1%, and x indicates greater than 1% or more. For pin holes and cracking, O indicates no occurrence, 
A indicates one per m 2 , and X indicates two or more occurrences per m 2 . 

Example 2 

55 [0045] Table 3 below shows mixing ratios, chemical composition, and physical property values for inventive products 
and comparative products. For these inventive products and comparative products, four to twenty charges each of sub- 
peritectic medium-carbon steels (carbon content: 0.08 to 0.15 wt%) were used, and the results are given in Table 4. 
Thin-slab continuous casting was performed at 3.0 to 8.0 m/min and assessed. 



8 



EP 1 027 944 B1 



Surface 
tension 
(dynycm) 


© 

CO 


CO 


o 

05 
CO 


o 


© 

in 


o 

t- 
eo 


M5 
C- 

eo 


O 

03 
CO 


o 


O 

CO 
CO 


o 

CM 
CO 


CO 


o 

ID 


o 


© 

© 




© 
© 

CO 


© 

© 

CM 


© 

CM 




tuD 












































Crystaliz 
temp. 
(°C) 


O 

i— t 

T— 1 


o 


o 

co 

t— 1 


lO 

oo 
»— i 


o 

C5 
i—l 


o 

ID 
I— i 


o 
t— i 


I—l 


o 

CO 
1—1 


o 

05 
rH 


o 

CO 

I—l 


o 

r~ — 

i—i 


o 
o 


o 
to 
© 

1— 1 


© 

CO 

© 

l-H 




© 
© 


lO 

CM 
i-H 


© 

© 

1—4 
1—* 




Q © eg 

■f S3 


m 
cm 


o 

CM 


CM 


m 

CM 


t> 
CO 


c- 

I— i 


oo 

CM 


id 

CM 


CM 
"* 


00 
CO 


o 

CM 


CO 
CM 


o 
o 

rH 


© 

»d 

1—1 


© 

05 




CO 
CM 


1—1 

CM 


© 
©' 






CM 


CO 

o 


o 


I— 1 
»— I 


00 
f— 1 




CO 

o 


s 


i— I 


i— 1 

o 


t> 

l—l 


ID 

i-H 


CO 
O 


1—1 

o 
o 


© 
t> 

©' 


CO 

© 
©' 




© 
© 


CO 
CM 
1— i 


CO 
CM 
r-i 






§ 

£ o 


oo 


05 

<m' 


r-H 

CO 


05 

CO 


00 

co 


CO 


H 

cm' 


© 

CM 


00 

o 


05 

o 


cm' 


CM 




cm' 


CM 




co' 


lO 

CO 


© 

CO 






























co 

o 




















Q 






















05 

o 


o 

cm' 


















ical conposition (\ 
























05 
O 






















io 
t> 


/— ^ 
!>■ 




oo 


oo 
cm' 


oo 


05 
id 


£ — 


oo 

CM 


00 


id 


»d 


lrt 

o 


to 
© 


f— ^ 
r-i 




CO 

id 


lO 


CM 
05 




O 


o 

1— J 


r- 1 


cm 


05 


03 

—i 


CO 


© 

CM 


T— 1 

<M* 


<M 


oo 
«-i 


c — 
i— i 


c~ 
i— i 


CM 


IT— 


© 
CO 




0O 
CM 


i— i 


CO 




Chera 




© 






00 
■«*' 


oo 
■<*' 


CM 
© 






CO 

■>*■ 


1G 


CO 

■<*' 


CM 
^* 


o 


1—1 

©' 


© 
©' 




© 


■<* 
rf' 


© 

od 






% 
S 


© 

I— J 


00 

o 


CO 

©' 


C- 

o 


CO 

o 


00 
©' 


00 

© 


o 
cm' 


03 


00 
I— 


1—1 


o 


CO 

o 


CO 

© 


00 

©' 




CO 

l-H 


i— J 


© 
©' 






o 
.3 


05 

to 






1— 


t — 

T— i 

"* 


05 
CO 


©' 


t— J 

•* 


O 


CO 

■<* 


w- 

i-H 
"«* 


3' 


CO 
CO 


»d 

CO 


© 




00 
CO 










c? 


id 


<— i 

CO 


ir~ 
© 


O 


CO 
CD 


CM 
"# 


Ir- 
CO 


CO 

cc 


tr- 
ee 


CC 


1—1 

»d 


o 
id 


tr- 
od 


05 

© 


00 
05 




00 

■<* 


CM 

id 


© 

CO 






<5 

GO 


1—1 
00 

cc 


co 
©' 

CO 


© 
CC 
CO 


cm 
Ifl 

CO 


TP 

t> 
CO 


rf 

CO 


© 

cc 


IC 

cc 
cc 


cc 


oc 
« 


co 

CD 
CC 


o 

00 
CO 


co 
c-' 


co 
© 


y— 




CO 

o 

■<* 


r- 1 

CO 
CO 


CM 
CO 
CO 








C2 E- 
I— 1 I— 1 


CO 
i— i 


05 
i— ( 


o 

CM 


i— t 


CM 

<M 


CO 
CM 




(St 


CS 


c- 

CM 


00 
CM 


© 

CM 


© 

CO 




CO 


m 






UOX3U9AUI ^U9S9JJ 


nostredraoQ 



EP 1 027 944 B1 



[0046] In Table 3, synthetic calcium silicate with a CaO/Si0 2 weight ratio equal to 1.35 was used as the main raw 
material for Inventive Products 1 9, 20, 24, and 25, and synthetic calcium silicate with a CaO/SiO a weight ratio equal to 
1.10 was used for the rest. Furthermore, glass powder, diatomaceous earth, and spodumene were used as the Si0 2 
materials in the mold powder in all cases in Table 3. 

s [0047] In addition, Na 2 C0 3 , Li 2 C0 3 , MnC0 3 , SrC0 3 , NaF, Na 3 AIF 6 , CaF 2 , Al 2 0 3 , MgO, LiF, Ti0 2 , Zr0 2 , and B 2 0 3 
used as flux materials were adjusted and proportioned to make the chemical compositions given in Table 3 and mixed 
using a mixer. Moreover, carbon black and coke powder were used for the carbon source in all of the mold powders, 
being added to make the chemical compositions given in Table 3. Furthermore, 2.5 percent by weight of metal Si was 
added to Inventive Product 24 and 4.4 percent by weight of metal Ca-Si alloy was added to Inventive Product 25, and 

io mixed similarly. 

[0048] In addition, Inventive Product 22 was a granulated product in which 20 to 30 percent by weight of a solvent 
composed of 90 percent by weight of water and 10 percent by weight of sodium silicate was added to the mixture to 
form a slurry which was spray granulated and dried. In Inventive Product 24, 10 to 16 percent by weight of a solvent 
composed of 95 percent by weight of water and 5 percent by weight of starch paste was added to the mixture agitation 
granulated and dried. 
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[0049] In the results shown in Table 4, for breakouts O indicates no occurrence, A indicates only one occurrence, and 
x indicates two or more occurrences. For powder inclusions, O indicates that the proportion defective was 0%, A 
indicates up to 1%, and x indicates greater than 1% or more. For pin holes and cracking, O indicates no occurrence, 
55 a indicates one per m 2 , and x indicates two or more occurrences per m 2 . 
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Possibility of Use in Industry 

[0050] The present invention exhibits the effect that a mold powder can be provided which enables stable casting by 
reducing the likelihood of powder entrapment into the mold without giving rise to surface crack in the cast strip when 
casting with a thin-slab continuous caster. 



Claims 

1 . A mold powder for thin-slab continuous casting of steel, containing 

one or two or more species selected from the group consisting of oxides, carbonates, or fluorides of alkali metals, 
alkaline earth metals, or other metals besides calcium silicate in such an amount that the total amount, calculated 
on the basis of the oxides Li 2 0, MgO, Na 2 0 and Al 2 0 3 is from 1 1 .6 to 21 .4 weight percent with respect to the total 
weight of the mold powder, wherein the Li 2 0 content is within the range of 1 to 7 weight percent, the MgO content 
is within the range of 0.2 to 4.3 weight percent, the Na 2 0 content is within the range of 0.1 to 7.5 weight percent, 
and the Al 2 0 3 content is within the range of 5.0 to 9.9 weight percent; 
and 0.5 to 5 percent by weight of carbon powder; 

and optionally 6 percent by weight or less of metal powder or alloy powder; wherein 
the fluorine content is within the range of 0.5 to 8.0 percent by weight; and 

as main component calcium silicate with a weight ratio of CaO to Si0 2 within the range of 0.50 to 1 .2, being the 
balance of the mold powder, wherein 

the crystallization temperature is within the range of 1000 to 1200*C; 
the surface tension at 1300°C is 250 dyne/cm or more; and 
the viscosity at 1300°C is within the range of 1 .5 to 20 poise. 

2. A mold powder for thin-slab continuous casting of medium-carbon steel, containing 

one or two or more species selected from the group consisting of oxides, carbonates, or fluorides of alkali metals, 
alkaline earth metals, or other metals besides calcium silicate in such an amount that the total amount, calculated 
on the basis of the oxides Li z O, MgO, Na 2 0 and Al 2 0 3 is from 1 1 .6 to 21 .4 weight percent with respect to the total 
weight of the mold powder, wherein the Li 2 0 content is within the range of 1 to 7 weight percent, the MgO content 
is within the range of 0.2 to 4.3 weight percent, the Na 2 0 content is within the range of 0.1 to 7.5 weight percent, 
and the Al 2 0 3 content is within the range of 5.0 to 9.9 weight percent; 
and 0.5 to 5 percent by weight of carbon powder; 

and optionally 6 percent by weight or less of metal powder or alloy powder; wherein 
the fluorine content is within the range of 0.5 to 8.0 percent by weight; and 

as main component calcium silicate with a weight ratio of CaO to Si0 2 within the range of 0.70 to 1 .2, being the 
balance of the mold powder; 

the crystallization temperature is within the range of 1050 to 1200'C; 
the surface tension at 1300°C is 250 dyne/cm or more; and 
the viscosity at 1300°C is within the range of 1 .5 to 20 poise. 

3. A process for thin-slab continuous casting of steel, wherein the mold powder according to claim 1 is used, in which 
the casting speed is set to 3 m/min or greater, and wherein the relationship between viscosity (poise) at 1300'C 
and casting speed V (m/min) satisfies the range represented by the expression: 



6 . 0 < TiV < 100 . 0 . 

4. A process for thin-slab continuous casting of medium-carbon steel, wherein the mold powder according to claim 2 
is used, in which the casting speed is set to 3m/min or greater, and wherein the relationship between viscosity 
(poise) at 1300°C and casting speed V (m/min) satisfies the range represented by the expression: 



6.0 < lyV < 85.0. 

5. The method according to claim 4, wherein the carbon content in the medium-carbon steel is within the range of 0.08 
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to 0.1 8 percent by weight. 



Patentanspruche 

5 

1. Abdeckpulver fur das Dunnbrammen-StranggieBen von Stahl, das enthalt: 

eine oder zwei oder mehr Spezies, ausgewahlt aus der Gruppe, bestehend aus Oxiden, Carbonaten oder 
Fluoriden von Alkalimetallen, Erdalkalimetallen oder anderen Metallen, mit Ausnahme von Kalziumsilikat, in 

10 einer solchen Menge, dass die Gesamtmenge, berechnet auf Basis der Oxide Li a O, MgO, Na a O und Al 2 0 3 

1 1 ,6 bis 21 ,4 Gew.-% in Bezug auf das Gesamtgewicht des Abdeckpulvers ist, wobei der Li 2 0-Gehait im Bereich 
von 1 bis 7Gew.-% liegt, der MgO-Gehalt im Bereich von 0,2 bis 4,3 Gew.-% liegt, derNa 2 0-Gehalt im Bereich 
von 0,1 bis 7,5 Gew.-% liegt und der Al 2 0 3 -Gehalt im Bereich von 5,0 bis 9,9 Gew.-% liegt; 
und 0,5 bis 5 Gew.-% Kohlenstoffpulver; 

is und ggf. 6 Gew.-% oder weniger Metallpulver oder Legierungspulver; wobei 

der Fluorgehalt im Bereich von 0,5 bis 8,0 Gew.-% liegt; und 

als Hauptkomponente Kalziumsilicat mit einem Gewichtsverhaltnis von CaO zu Si0 2 im Bereich von 0,50 bis 

I, 2, welches den Ausgleich des Abdeckpulvers bildet, wobei 

die Kristallisationstemperatur im Bereich von 1000 bis 1200°C liegt; 
20 die Oberflachenspannung bei 1300'C 250 Dyne/cm oder mehr ist; und 

die Viskositat bei 1300°C im Bereich von 1,5 bis 20 Poise liegt. 

2. Abdeckpulver fur das Dunnbrammen-StranggieBen von Stahl mit mittlerem Kohlenstoffgehalt, das enthalt: 

25 eine oder zwei oder mehr Spezies, ausgewahlt aus der Gruppe, bestehend aus Oxiden, Carbonaten oder 

Fluoriden von Alkalimetallen, Erdalkalimetallen oder anderen Metallen, mit Ausnahme von Kalziumsilikat, in 
einer solchen Menge, dass die Gesamtmenge, berechnet auf Basis der Oxide Li 2 0, MgO, Na 2 0 und Al 2 0 3 

I I , 6 bis 21 ,4 Gew.-% in Bezug auf das Gesamtgewicht des Abdeckpulvers ist, wobei der Li 2 0-Gehait im Bereich 
von 1 bis 7Gew.-% liegt, der MgO-Gehalt im Bereich von 0,2 bis 4,3 Gew.-% liegt, derNa 2 0-Gehalt im Bereich 

30 von 0,1 bis 7,5 Gew.-% liegt und der Al 2 0 3 -Gehalt im Bereich von 5,0 bis 9,9 Gew.-% liegt; 

und 0,5 bis 5 Gew.-% Kohlenstoffpulver; 

und ggf. 6 Gew.-% oder weniger Metallpulver oder Legierungspulver; wobei 
der Fluorgehalt im Bereich von 0,5 bis 8,0 Gew.-% liegt; und 

als Hauptkomponente Kalziumsilicat mit einem Gewichtsverhaltnis von CaO zu Si0 2 im Bereich von 0,70 bis 
35 1 ,2, welches den Ausgleich des Abdeckpulvers bildet, wobei 

die Kristallisationstemperatur im Bereich von 1050 bis 1200°C liegt; 
die Oberflachenspannung bei 1300°C 250 Dyne/cm oder mehr ist; und 
die Viskositat bei 1300°C im Bereich von 1,5 bis 20 Poise liegt. 

40 3. Verfahren zum Dunnbrammen-StranggieBen von Stahl, bei dem das Abdeckpulver gemaB Anspruch 1 verwendet 
wird, bei dem die GieBgeschwindigkeit auf 3 m/min oder groBer eingestellt ist und bei dem die Beziehung zwischen 
der Viskositat (Poise) bei 1300°C und der GieBgeschwindigkeit V (m/min) den Bereich erfullt, der wiedergegeben 
ist durch den Ausdruck: 

45 

6,0 s f)V s 100, 0 

4. Verfahren zum Dunnbrammen-StranggieBen von Stahl, bei dem das Abdeckpulver gemaB Anspruch 2 verwendet 
so wird, bei dem die GieBgeschwindigkeit auf 3 m/min oder groBer eingestellt ist und bei dem die Beziehung zwischen 

der Viskositat (Poise) bei 1300°C und der GieBgeschwindigkeit V (m/min) den Bereich erfullt, der wiedergegeben 
ist durch den Ausdruck: 



6,0 s IJV s 85, 0 

5. Verfahren gemaB Anspruch 4, bei dem der Kohlenstoffgehalt in dem Stahl mit mittlerem Kohlenstoffgehalt im Bereich 
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von 0,08 bis 0,1 8 Gew.-% liegt. 



Revendications 

5 

1. Poudre de couverture pour la coulee en continu de brames minces en acier, contenant 

une ou deux especes ou plus selectionnees dans le groupe constitue d'oxydes, de carbonates, ou de fluorures de 
metaux alcalins, de metaux alcalino-terreux ou d'autres metaux hormis le silicate de calcium en une quantite telle 
que la quantite totale, calculee sur la base des oxydes Li 2 0, MgO, Na 2 0 et Al 2 0 3 est de 11 ,6 a 21 ,4 pourcent en 
10 poids par rapport au poids total de la poudre de couverture, dans laquelle la teneur en Li a O est de I'ordre de 1 a 7 

pourcent en poids, le teneur en MgO est de I'ordre de 0,2 a 4,3 pourcent en poids, la teneur en Na 2 0 est de I'ordre 
de 0,1 a 7,5 pourcent en poids, et la teneur en Al 2 0 3 est de I'ordre de 5,0 a 9,9 pourcent en poids ; 
et 0,5 a 5 pourcent en poids de poudre de carbone ; 

et optionnellement 6 pourcent en poids ou moins de poudre metallique ou de poudre d'alliage ; dans laquelle 
is la teneur en fluor est de I'ordre de 0,5 a 8,0 pourcent en poids ; et 

comme composant principal, le silicate de calcium avec un rapport ponderal du CaO au SiO z de I'ordre de 0,50 a 

1 ,2, constituant le reste de la poudre de couverture, dans laquelle 

la temperature de cristallisation est de I'ordre de 1 000 a 1 200°C ; 

la tension superficielle a 1 300°C est de 250 dyne/cm ou plus ; et 
20 la viscosite a 1 300°C est de I'ordre de 1 ,5 a 20 poise. 

2. Poudre de couverture pour la coulee en continu de brames minces en acier a carbone moyen, contenant 

une ou deux especes ou plus selectionnees dans le groupe constitue d'oxydes, de carbonates, ou de fluorures de 
metaux alcalins, de metaux alcalino-terreux, ou d'autres metaux hormis le silicate de calcium en une quantite telle 

25 que la quantite totale, calculee sur la base des oxydes Li 2 0, MgO, Na 2 0 et Al 2 0 3 est de 11 ,6 a 21 ,4 pourcent en 

poids par rapport au poids total de la poudre de couverture, dans laquelle la teneur en Li 2 0 est de I'ordre de 1 a 7 
pourcent en poids, le teneur en MgO est de I'ordre de 0,2 a 4,3 pourcent en poids, la teneur en Na 2 0 est de I'ordre 
de 0, 1 a 7,5 pourcent en poids, et la teneur en Al 2 0 3 est de I'ordre de 5,0 a 9,9 pourcent en poids ; 
et 0,5 a 5 pourcent en poids de poudre de carbone ; 

30 et optionnellement 6 pourcent en poids ou moins de poudre metallique ou de poudre d'alliage ; dans laquelle 

la teneur en fluor est de I'ordre de 0,5 a 8,0 pourcent en poids ; et 

comme composant principal, le silicate de calcium avec un rapport ponderal du CaO au Si0 2 de I'ordre de 0,70 a 
1 ,2, constituant le reste de la poudre de couverture ; 
la temperature de cristallisation est de I'ordre de 1 050 a 1 200°C ; 
35 la tension superficielle a 1 300°C est de 250 dyne/cm ou plus ; et 

la viscosite a 1 300°C est de I'ordre de 1 ,5 a 20 poise. 

3. Procede pour la coulee en continu de brames minces en acier, dans lequel la poudre de couverture selon la 
revendication 1 est utilisee, dans lequel la vitesse de coulee est reglee a 3 m/min ou plus, et dans lequel la relation 

40 entre la viscosite (poise) a 1 300°C et la vitesse de coulee V (m/min) satisfait la plage representee par I'expression : 



6,0 <; r?V s 100, 0 . 

45 

4. Procede pour la coulee en continu de brames minces en acier a carbone moyen, dans lequel la poudre de couverture 
selon la revendication 2 est utilisee, dans lequel la vitesse de coulee est reglee a 3 m/min ou plus, et dans lequel 
la relation entre la viscosite (poise) a 1 300°C et la vitesse de coulee V (m/min) satisfait la plage representee par 
I'expression : 

50 

6,0 £ 7?V £ 85, 0 . 

55 5. Methode selon la revendication 4, dans laquelle la teneur en carbone dans I'acier a carbone moyen est de I'ordre 
de 0,08 a 0,18 pourcent en poids. 
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